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To study links between the inhibition of motor responses and emotional evaluation, we combined electrophysiological measures of 
prefrontal response inhibition with behavioural measures of affective evaluation. Participants ﬁ  rst performed a Go–Nogo task in response 
to Asian and Caucasian faces (with race determining their Go or Nogo status), followed by a trustworthiness rating for each face. Faces 
previously seen as Nogo stimuli were rated as less trustworthy than previous Go stimuli. To study links between the efﬁ  ciency of 
response inhibition in the Go–Nogo task and subsequent emotional evaluations, the Nogo N2 component was quantiﬁ  ed separately 
for faces that were later judged to be high versus low in trustworthiness. Nogo N2 amplitudes were larger in response to low-rated as 
compared to high-rated faces, demonstrating that trial-by-trial variations in the efﬁ  ciency of response inhibition triggered by Nogo faces, 
as measured by the Nogo N2 component, co-vary with their subsequent affective evaluation. These results suggest close links between 
inhibitory processes in top-down motor control and emotional responses.
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INTRODUCTION
When confronted with a complex sensory environment where 
multiple objects and events are simultaneously present, organ-
isms have to rely on mechanisms that enable them to select 
task-relevant information, and to ignore information that is 
not relevant to their current goals. While this type of selection 
has traditionally been thought to be mediated by processes of 
selective attention, it has now become clear that emotional proc-
esses also play an important role in the prioritization of sensory 
information for perception, cognition, and motor control. The 
presence of emotionally signiﬁ  cant stimuli can modulate sen-
sory processing (e.g. Lang et al., 1990, 1998), memory and deci-
sion making (see Cacioppo and Gardner, 1999, for a review), 
as well as attentional processes (e.g. Eastwood et al., 2001; Fox 
et al., 2001; Lang et al., 1997). Functional brain imaging stud-
ies have revealed strong links between brain mechanisms 
involved in attention and emotion (e.g. Bush et al., 2000; Pessoa 
and Ungerleider, 2004; Vuilleumier et al., 2001), which further 
underlines their joint role in the selective control of information 
processing.
Links between emotion and attention have been demonstrated 
in numerous studies showing that emotionally salient visual 
events can bias selective attention (e.g. Esteves et al., 1994; Mogg 
and Bradley, 1999; Öhman et al., 2001). However, the question of 
whether such links might also operate in reverse (i.e. attention 
affecting emotional responses) has only recently been addressed. 
Raymond et al. (2003) ﬁ  rst demonstrated systematic effects of 
attentional selection of stimuli on their subsequent emotional 
evaluation. In their study, two coloured abstract images were 
shown in the left and right visual ﬁ  eld, and participants reported 
the location of one of these (previously designated as the target), 
while ignoring the other. Subsequently, they had to evaluate one 
of these images, or a previously unseen novel image, on a ‘cheer-
fulness’ scale. Ratings for previously ignored distractors were 
more negative than ratings for previous targets or novel images 
but ratings for targets were not different from ratings for novel 
images. In other words, stimuli were devalued as a consequence 
of being ignored.
Raymond et al. (2003) explained these ﬁ  ndings by propos-
ing that attentional inhibition was applied to task-irrelevant dis-
tractors during the initial target selection task and that a code 
for this inhibitory state was then associated with the distract-
ing item. Later during evaluation, inhibition was reinstated, 
resulting in negative affective judgements for distractors. A key 
component of this theoretical view is that the inhibitory state 
invoked for the purpose of selection becomes associated in mem-
ory with the to-be-ignored feature (Kessler and Tipper, 2004; 
Tipper et  al., 2003) Subsequent experiments supporting this
inhibition-based view showed that post-attentional   devaluation 
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only occurred for   distractor stimuli that were spatially proxi-
mal to targets (Raymond et al., 2005), i.e. most likely to attract 
attentional inhibition (Chen et  al., 2008), and that had fea-
tures that directly interfered with the prior target selection task 
(Goolsby et al., 2008). An alternative explanation concerns the 
notion of perceptual ﬂ  uency (Grifﬁ  ths and Mitchell, 2008). This 
idea proposes that changes in evaluative responses to stimuli 
are brought about by prior exposure that passively produces 
changes in the ease or ﬂ  uency of perceptual processing which 
is then interpreted by affective mechanisms (Reber et al., 1998). 
However, this idea seems implausible to explain the devaluation 
(as opposed to enhanced evaluation) of stimuli (especially rela-
tive to novel stimuli). Moreover, prolonged exposure to stimuli 
reduces (rather than enhances) their subsequent evaluations if 
those stimuli are known to be distractors in a visual search task 
(Fenske et al., 2005).
In a recent event-related brain potential (ERP) study (Kiss 
et al., 2007), we obtained independent electrophysiological evi-
dence that the efﬁ  ciency of attentional distractor suppression is 
directly linked to their subsequent devaluation. On each trial, 
pairs of faces were presented, and participants had to select one 
of these on the basis of gender (with male or female faces desig-
nated as targets in different blocks). Subsequently, they had to 
rate either the target or distractor face in terms of its trustworthi-
ness. As expected, distractors were rated as less trustworthy than 
targets (see also Goolsby et al., 2008). Critically, we measured the 
N2pc component during the initial attentional selection stage. 
The N2pc is elicited at posterior electrodes contralateral to the 
side of task-relevant visual events at about 200 ms after stimu-
lus onset, and reﬂ  ects the selective attentional processing of tar-
gets versus distractors (Eimer, 1996; Luck and Hillyard, 1994; 
Woodman and Luck, 1999). Large N2pc amplitudes indicate 
fully focused attention and effective distractor inhibition, while 
smaller and delayed N2pc components are linked to a more 
diffuse attentional state. To demonstrate direct links between 
the efﬁ  ciency of selective attention and subsequent emotional 
responses, we computed the N2pc component on each trial as 
a function of subsequent evaluative judgements, and found that 
the affective ratings of distractor faces, but not of target faces, 
covaried with attention. On trials where distractors were later 
judged as less trustworthy, the N2pc emerged earlier, demon-
strating that attention was strongly biased towards target events, 
and distractors were effectively inhibited. In contrast, on those 
trials where distractors were later judged more positively, the 
N2pc was delayed, indicating unfocused attention to the target 
and less distractor suppression. This pattern of results shows that 
variations in attentional selectivity across trials can predict the 
subsequent emotional evaluation of previously ignored items 
that were presented together with task-relevant stimuli which 
had to be selectively attended. It therefore suggests that affective 
responses to such distractors are linked to their previous atten-
tional inhibition.
In the studies described so far, distractor devaluation effects 
were observed as a result of the inhibition of distractors during 
attentional target selection. This raises the important question 
whether distractor devaluation is speciﬁ  cally associated with 
inhibitory processes that are activated during selective atten-
tion tasks, or whether similar effects might also be observed as 
a result of other types of inhibitory mechanisms. In the present 
study, we used behavioural and electrophysiological measures to 
investigate whether distractor devaluation can be produced as a 
consequence of response inhibition.
Initial behavioural evidence for a link between response 
  inhibition and evaluative judgements comes from two recent 
studies (Fenske et al., 2005; Veling et al., 2008). In the Fenske et al. 
(2005) study, pairs of faces were presented to the left and right 
of ﬁ  xation, and a response cue (a red or green colour patch) was 
ﬂ  ashed brieﬂ  y over one of these two faces. Participants had to 
respond to the Go colour, but to refrain from responding when 
the Nogo colour was presented. Shortly afterwards, the same face 
pair was shown again (without the colour response cue), and 
participants chose the face that seemed more trustworthy or less 
trustworthy, on different trials. Relative to uncued faces, faces 
that had previously been superimposed with a Nogo colour cue 
were more likely to be chosen as less trustworthy, and less likely 
to be chosen as more trustworthy, thus suggesting that their pre-
vious association with response inhibition had resulted in an 
emotional devaluation. This pattern of results was not obtained 
when perceptually based choices were required (i.e. which face 
had lighter/darker background?), indicating that simple response 
biases provide an inadequate account of the ﬁ  nding. Biases of 
social emotional judgements were not observed for faces pre-
viously associated with Go cues, which further underlines the 
speciﬁ  c role of inhibitory processes for subsequent emotional 
responses. In the Veling et al. (2008) study, images taken from 
the International Affective Picture System (Lang et al., 1999) 
with positive, negative, or neutral valence were used as Go or 
Nogo stimuli. In a subsequent rating task, Nogo devaluation 
effects (i.e. lower ratings for previous Nogo images relative to 
previous Go or novel images) were again observed, but only for 
images with positive valence.
The aim of the present experiment was twofold. First, we 
wanted to conﬁ  rm the hypothesis that response inhibition in 
a Go–Nogo task results in the subsequent emotional devalua-
tion of Nogo stimuli by using a rating procedure analogous to 
those employed in previous studies that investigated distractor 
devaluation in attentional selection tasks (Fenske et al., 2004; 
Goolsby et  al., 2008; Kiss et  al., 2007; Raymond et  al., 2003, 
2005). Each experimental block had two parts: In the ﬁ  rst part, 
participants were presented with a series of 12 novel Asian or 
Caucasian faces. They made manual (Go) responses to faces of 
one race (varied on successive blocks) and withheld responses 
to faces of the other race (Nogo trials). In the second part, the 
same 12 faces were judged successively for trustworthiness, 
using a 4-point scale. A set of 12 new faces was shown in every 
block. In contrast to Fenske et al. (2005), each face was presented 
individually at ﬁ  xation, to eliminate any spatial attention shifts 
towards cued faces on the left or right side. Unlike Veling et al. 
(2008), who presented the same non-face images repeatedly as 
Go or Nogo stimuli, each individual face in our study was deliv-
ered only twice; ﬁ  rstly as Go or Nogo stimulus and secondly for 
evaluation. A single use of each stimulus in the Go–Nogo task 
eliminates any contamination of subsequent evaluation by mere 
exposure effects (Zajonc, 2001).
If response inhibition associated with Nogo faces resulted 
in their subsequent emotional devaluation, as suggested by the 
results of Fenske et al. (2005), faces that were previously pre-
sented as Nogo stimuli should be judged as less trustworthy 
than faces that had previously been associated with a manual 
response. Because the interval between the presentation of each 
individual face in the Go–Nogo and evaluation tasks was ∼30 s, 
such a devaluation effect for Nogo stimuli would demonstrate 
that any impact of response inhibition on emotional responses 
can persist for an extended period of time.www.frontiersin.org
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The second and main aim of the present study was to obtain 
electrophysiological evidence for a direct link between response 
inhibition and emotional devaluation by demonstrating sys-
tematic covariations between these two processes. The analysis 
logic applied here was analogous to the logic of our previous 
experiment (Kiss et al., 2007) where the N2pc component was 
measured as an index of attentional selectivity, except that we 
now employed an ERP correlate of response inhibition in Go–
Nogo tasks. Numerous previous ERP studies have demonstrated 
that Nogo stimuli trigger an enhanced anterior N2 component 
(often termed ‘Nogo N2’) that is maximal at frontal recording 
sites (e.g. Nieuwenhuis et al., 2004; Pfefferbaum et al., 1985). 
This component is measured in the N2 time range (between 250 
and 350 ms after stimulus onset) as the difference of frontal ERP 
N2 amplitudes between Nogo and Go stimuli.
The Nogo N2 belongs to the family of anterior N2 compo-
nents that are generally assumed to reﬂ  ect processes involved in 
top-down cognitive control (see Folstein and Van Petten, 2008, 
for a recent review). They originate in medial prefrontal areas, 
such as the anterior cingulate cortex, that are involved in top-
down cognitive and motor control (e.g. Kok, 1986; Nieuwenhuis 
et al., 2003, 2004; Taylor et al., 2007). Several lines of evidence 
suggest that the Nogo N2 is speciﬁ  cally related to the inhibition 
of planned or pre-activated overt responses. Larger Nogo N2 
components are triggered by non-target stimuli in overt response 
tasks than in tasks that involve silent counting (Pfefferbaum et al., 
1985; see also Bruin and Wijers, 2002). The amplitude of this 
component is linked to the success of response inhibition, as it is 
larger for participants with low as compared to high False Alarm 
rates. Larger Nogo N2s are found when Go and Nogo stimuli 
are physically similar, in line with the view that more response 
inhibition is needed when non-target stimuli frequently trigger 
incorrect response activation (Azizian et al., 2006). It should 
be noted, however, that other authors (e.g. Nieuwenhuis et al., 
2003; Yeung et al., 2004) have suggested that the Nogo N2 is not 
exclusively associated with response inhibition, but also, or even 
primarily, with the monitoring of conﬂ  ict that is triggered by the 
competition between tendencies to execute or inhibit a speciﬁ  c 
response. In support of their interpretation, Nieuwenhuis et al. 
(2003) found that when Go stimuli were rare, and Nogo stimuli 
frequent, an enhanced anterior N2 was triggered by Go stimuli, 
suggesting that low-probability events may elicit response con-
ﬂ  ict irrespective of their status as Go or Nogo stimuli.
In the present study, we used Nogo N2 amplitudes as an 
index for the efﬁ  ciency of response inhibition triggered by Nogo 
faces, based on the comprehensive evidence discussed above that 
this component is linked to the inhibition of motor responses. 
In order to minimize or eliminate the possible impact of conﬂ  ict 
monitoring associated with the presentation of low-probability 
events (e.g. Nieuwenhuis et al., 2003), Go and Nogo stimuli were 
always equiprobable. Here, the discrimination between Go and 
Nogo stimuli was based on the perceptually demanding process 
of identifying the race of individual novel faces, which makes it 
likely that the speed and efﬁ  ciency of response inhibition might 
vary considerably across trials. If the efﬁ  ciency of response inhi-
bition elicited by Nogo stimuli was directly linked to their sub-
sequent affective devaluation, then trustworthiness ratings for 
Nogo stimuli should be lower on those trials where response 
inhibition was strong and a large Nogo N2 was elicited. In con-
trast, more positive trustworthiness ratings should be observed 
for trials with less efﬁ  cient response inhibition, as reﬂ  ected by a 
smaller Nogo N2 component.
In theory, these predictions should be tested by measuring 
the Nogo N2 directly on single trials, and then correlating its 
amplitude with the subsequent trustworthiness rating of each 
face. In reality, computing ERP components such as the Nogo N2 
requires averaging a large number of EEG waveforms obtained 
on Go and Nogo trials. To accommodate this requirement, we 
used the trustworthiness ratings obtained for each individual 
face in the second evaluation part of each block as a criterion for 
sorting EEG responses to each face in the preceding Go–Nogo 
task phase (again analogous to the logic previously employed 
in Kiss et al., 2007). Separate ERPs in response to Go and Nogo 
faces were computed as a function of whether each face was sub-
sequently rated as high (3 or 4) or low (1 or 2) in trustworthi-
ness. When computing the Nogo N2 (a contrast between ERPs 
triggered in response to Go versus Nogo stimuli), it is important 
that Go and Nogo stimuli do not differ on any other percep-
tual and cognitive dimension apart from their response assign-
ment. Therefore, we contrasted Go and Nogo ERPs separately 
for high-rated and low-rated stimuli. Speciﬁ  cally, ERPs obtained 
on trials with subsequently high-rated Nogo stimuli were com-
pared to ERPs obtained on trials with subsequently high-rated 
Go stimuli; and the analogous comparison was conducted for 
low-rated stimuli1. If the efﬁ  ciency of response inhibition trig-
gered by individual Nogo faces was directly linked to their sub-
sequent emotional devaluation, the Nogo N2 should be larger 
on those trials where faces were later rated as less trustworthy 
as compared to trials with faces that would later receive a more 
positive rating.
MATERIALS AND METHODS
PARTICIPANTS
Fifteen volunteers were paid to participate in this experi-
ment. One of them was excluded from analyses due to EEG 
drift artefacts at frontal electrodes. Thus 14 participants (ﬁ  ve 
male and nine female, aged between 19 and 30 years, mean 
age 25.7 years) remained in the sample. One participant was 
left-handed, the other 13 were right-handed, and all were 
Caucasian and had normal or corrected-to-normal vision. The 
experiment was approved by the Psychology Ethics Committee, 
Birkbeck College, and informed consent was obtained from all 
participants.
STIMULI AND PROCEDURE
A total of 384 colour face photographs (headshots, frontal view, 
neutral expression) of young adults (aged 18–39) was collected 
from ﬁ  ve different databases (PAL Database, Minear and Park, 
2004; AR Face Database, Martinez and Benavente, 1998; Asian 
Face Image Database PF01, 2001; Caltech Frontal Face Dataset, 
1999; Georgia Tech Face Database, 1999). All photographs were 
1A direct comparison of frontal N2 amplitudes in response to positively rated 
Nogo faces versus negatively rated Nogo faces is problematic because there will 
inevitably be low-level physical and conﬁ  gural differences between individual 
face tokens that are systematically linked with differences in their perceived 
trustworthiness, irrespective of their status as Go or Nogo stimuli. For example, 
it is conceivable that face images with a higher contrast between foreground and 
background, or with higher spatial frequency, are generally more (or less) likely 
to be judged as trustworthy. In this case, any comparison of high-rated Nogo faces 
versus low-rated Nogo faces would confound possible ERP correlates of response 
inhibition with ERP differences that are the result of those physical differences. 
Another related problem of directly comparing high-rated and low-rated Nogo 
stimuli is the possible presence of ERPs components that are directly sensitive to 
the affective value of individual faces.Frontiers in Human Neuroscience  | October  2008 | Volume  2 | Article  13
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adjusted to match in size and background. Half of the faces were 
Asian, and the other half were Caucasian, and both sets con-
tained an equal number of female and male faces. Stimuli were 
presented on a CRT monitor with 100 Hz refresh rate at a view-
ing distance of 65 cm. Each face subtended 4.8° × 6.6° visual 
angle and was presented on a light grey background (18 cd/m2) 
at the centre of the screen. A black ﬁ  xation cross (0.4° × 0.4°) was 
continuously present at the screen centre between face presen-
tations. Stimulus presentation and behavioural response collec-
tion were controlled by E-Prime software (Psychology Software 
Tools, Pittsburgh, PA, USA).
In each block, participants performed two successive tasks 
(Go–Nogo and evaluation), with 12 Go–Nogo trials followed 
by 12 evaluation trials (see Figure 1). In the Go–Nogo task, par-
ticipants were required to press the space bar with both index 
ﬁ  ngers as fast as possible whenever the displayed face was Asian 
(or Caucasian, in different blocks) and refrain from respond-
ing otherwise. Each face was presented for 300 ms, followed 
by a 1200-ms empty interval until the next face appeared. In 
the subsequent evaluation task, participants had to judge the 
trustworthiness of the same 12 faces on a 4-point scale from 
1 (‘not at all trustworthy’) to 4 (‘very trustworthy’) by pressing 
the corresponding numeric key on a standard keyboard with 
the index or middle ﬁ  nger of the left or right hand. Each face 
was presented for 300 ms, followed by a 2700-ms blank interval. 
The order in which individual faces were presented for evalua-
tion was identical to that of the preceding Go–Nogo task. Prior 
to each run of 12 trials for the Go–Nogo and evaluation tasks, 
a brief instruction screen appeared, reminding participants of 
the task to be performed. After the ﬁ  nal trial of the Go–Nogo 
task, a feedback screen informed participants about their aver-
age response time (RT) and accuracy for this block. Participants 
then started the next run of 12 evaluation trials by pressing a 
key. To ensure that the interval between seeing a face for the 
ﬁ  rst time in the Go–Nogo task and seeing it again for rating 
was minimal, they were encouraged to start the evaluation task 
immediately.
For each block, individual faces were randomly drawn with the 
constraint that each set of 12 faces contained four Asian female, 
four Asian male, four Caucasian female and four Caucasian 
male faces. Each individual face was only shown once in each 
task (i.e. it was never repeated across blocks). Seven participants 
performed 16 blocks with Asian Go faces, followed by 16 blocks 
with Caucasian Go faces. This order of response assignments was 
reversed for the other seven participants.
EEG DATA RECORDING AND ANALYSIS
The EEG was recorded with a bandpass of 0–40 Hz and digi-
tised with a sampling rate of 500 Hz. EEG signals were recorded 
from 23 electrodes mounted in an elastic cap at standard scalp 
sites Fpz, F7, F3, Fz, F4, F8, FC5, FC6, T7, C3, Cz, C4, T8, CP5, 
CP6, P7, P3, Pz, P4, P8, PO7, PO8, and Oz. Horizontal eye move-
ments (HEOG) were measured from two electrodes placed at 
the outer canthi of the eyes. The right earlobe was recorded as 
an additional channel. Impedances were kept below 5 kΩ. Scalp 
electrodes were referenced to the left earlobe and re-referenced 
ofﬂ  ine to averaged earlobes. Artefact rejection was performed 
ofﬂ  ine by removing trials with activity exceeding ±30 µV in the 
HEOG channel (indicating leftward or rightward eye move-
ments), ±60 µV at Fpz (eye blinks), and ±80 µV at all other 
electrodes (artefacts induced by movement or muscle activity). 
Trials with response errors (i.e. failures to respond on Go trials, 
or False Alarms on Nogo trials) were excluded prior to all analy-
ses of EEG and behavioural data.
EEG waveforms obtained in response to face photographs in 
the Go–Nogo task were averaged relative to a 100 ms pre-stimulus 
Figure 1 | Example of trial sequence for the Go–Nogo task (top panel) and the evaluation task (bottom panel).
Asian Go,
Caucasian
Nogo
How
trustworthy?
Scale 1-4
300 ms
1200 ms
+
+
+
+
300 ms
1200 ms
300 ms
300 ms
2700 ms
300 ms
2700 ms
300 ms
…
…www.frontiersin.org
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baseline. Before averaging, Go and Nogo trials were classiﬁ  ed 
with respect to the trustworthiness rating that the speciﬁ  c face 
shown on this trial had received in the subsequent evaluation 
task (high: rating of 3 or 4; low: rating of 1 or 2)2. Separate aver-
ages were computed for each combination of response assign-
ment (Go versus Nogo face, collapsed across blocks with Asian 
Go and Caucasian Nogo faces, and vice versa), and rating (high 
versus low). The N2 component was quantiﬁ  ed by comput-
ing ERP mean amplitudes within a 250–350 ms post-stimulus 
latency window. In order to compare the Nogo N2 obtained for 
subsequently high-rated faces with the Nogo N2 in response 
to subsequently low-rated faces, these mean amplitude values 
were then analysed in repeated-measures analyses of variance 
(ANOVAs) that were conducted for frontal (F3, Fz, F4) and fron-
topolar electrodes (F7, Fpz, F8), using the factors area (frontal 
versus frontopolar), response assignment, rating, and electrode 
site. Greenhouse-Geisser epsilon correction for deviation from 
sphericity was applied where appropriate.
RESULTS
BEHAVIOURAL RESULTS
The overall mean RT in correct Go trials was 489 ms (SD = 57). 
False Alarms occurred on 3.3% of all Nogo trials, and participants 
missed 0.9% of all responses on Go trials. Mean trustworthiness 
ratings were calculated for each participant, for each combina-
tion of response assignment (rated face previously shown as Go 
versus Nogo stimulus), face race, and face gender, and were then 
entered into a repeated-measures ANOVA. Crucially, there was a 
main effect of response assignment, F(1,13) = 9.2, p < 0.01, show-
ing that faces that had previously been presented as Nogo stimuli 
were rated as less trustworthy than faces that had been shown as 
Go stimuli (2.54 versus 2.61; see Figure 2). Response assignment 
did not interact signiﬁ  cantly with either race or gender (both 
F < 2.4, both p > 0.145)3.
ERP RESULTS – NOGO N2
Figure 3 shows ERPs obtained at anterior, central and posterior 
electrodes in response to Go and Nogo faces (collapsed across 
Asian and Caucasian faces), separately for faces that were later 
rated as more trustworthy (ratings 3 and 4, right panel) or less 
trustworthy (ratings 1 and 2, left panel). The Nogo–Go differ-
ence waves obtained at anterior, central, and posterior elec-
trodes for low-rated and high-rated faces are shown in Figure 4 
(left panel). Figure 4 also shows scalp distribution maps of the 
Nogo–Go difference in the N2 time window (250–350 ms post-
stimulus) as a function of subsequent trustworthiness ratings 
(right top panels), as well as the topography of the difference 
of Nogo N2 amplitudes between low-rated and high-rated faces 
(right bottom panel). These ﬁ  gures show an enhanced ante-
rior N2 in response to Nogo faces as compared to Go faces, 
as expected. Critically, the amplitude of this Nogo N2 appears 
larger in response to faces that had later received a low trustwor-
thiness rating than for faces that were rated more positively. This 
modulation of the Nogo N2 as a function of subsequent ratings 
shows a distinct frontal topography (Figure 4, right panel).
These observations were substantiated by statistical analyses. 
The initial omnibus ANOVA performed on mean amplitudes in 
the N2 time window (250–350 ms post-stimulus) showed a main 
effect of response assignment, F(1,13) = 25.8, p < 0.001, indicat-
ing that the anterior N2 for Nogo faces was enhanced relative to 
Go faces (see Figure 3). A response assignment × rating × area 
interaction was also found, F(1,13) = 9.8, p < 0.01. To explore 
this interaction, separate ANOVAs were conducted for frontal 
and frontopolar electrodes. A main effect of response assignment 
was observed for frontal electrodes, F(1,13) = 22.9, p < 0.001, 
conﬁ  rming the presence of a Nogo N2. Most importantly, there 
was a signiﬁ  cant interaction between response assignment and 
rating at frontal electrodes, F(1,13) = 4.7, p < 0.05, demonstrat-
ing that the Nogo N2 component (i.e. the difference between 
ERPs on Nogo as compared to Go trials) was signiﬁ  cantly larger 
for faces that were subsequently rated as less trustworthy as 
compared to high-rated faces. Although the difference between 
Nogo N2 amplitudes elicited by high-rated faces versus low-
rated faces was numerically larger over the right hemisphere 
(see Figure 4, right panel), a separate ANOVA performed only 
on lateral frontal electrodes F3/4 yielded no signiﬁ  cant response 
assignment × rating × hemisphere  interaction,  F(1,13) = 2.3, 
p = 0.15. At frontopolar electrodes, a main effect of response 
assignment,  F(1,13) = 27.3,  p < 0.001,  reﬂ   ecting the presence 
of the Nogo N2 component, was accompanied by a signiﬁ  cant 
response assignment × electrode site interaction, F(2,26) = 15.7, 
p < 0.001, ε = 0.708, as the Nogo–Go difference was largest at 
Fpz and smallest at F7 (see Figure 4). Frontopolar Nogo N2 
amplitudes were also numerically larger for low-rated relative to 
high-rated faces, but in contrast to the results observed at frontal 
2Mean ratings were 3.41 and 3.37 for the high-rated Go and Nogo faces; and 1.63 
for both low-rated Go and Nogo faces. These ratings for Go faces versus Nogo 
faces did not differ signiﬁ  cantly within either rating level.
Figure 2 | Trustworthiness ratings obtained for faces previously presented 
in Go and Nogo trials. Error bars represent standard errors of the mean.
2.70
2.65
2.60
2.55
2.50
2.45
T
r
u
s
t
w
o
r
t
h
i
n
e
s
s
 
r
a
t
i
n
g
2.40
Go Nogo
Trial type
3In addition, a main effect of race was obtained, F(1,13) = 6.9, p < 0.05, as Asian 
faces were generally rated as more trustworthy than Caucasian faces (mean 
ratings of 2.67 and 2.48, respectively). A main effect of gender, F(1,13) = 60.7, 
p < 0.001, showed that female faces were generally rated as more trustworthy 
than male faces (mean ratings: 2.87 versus 2.28). A race × gender interaction, 
F(1,13) = 40.4,  p <  0.001, indicated that this bias in favour of females was 
more pronounced for Asian faces (3.09 versus 2.25) than for Caucasian faces 
(2.65 versus 2.30).Frontiers in Human Neuroscience  | October  2008 | Volume  2 | Article  13
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electrodes, there was no signiﬁ  cant interaction between response 
assignment and rating, F(1,13) = 1.0, p = 0.331.
DISCUSSION
The current experiment provides converging behavioural and 
electrophysiological evidence for the hypothesis that response 
inhibition triggered by Nogo stimuli has a systematic impact on 
their subsequent emotional evaluation. Faces that had previ-
ously been presented as Nogo stimuli were later rated signiﬁ  -
cantly lower in terms of their trustworthiness than previous Go 
faces. This devaluation occurred in spite of the fact that the time 
interval separating the presentation of individual faces in the 
Go–Nogo and evaluation task was relatively long (about 30 s), 
and included 12 different face images that required response 
selection or evaluation. This suggests that effects of response 
inhibition on affective evaluation are robust and persist over an 
extended period of time. Overall, the current behavioural results 
conﬁ  rm and extend previous ﬁ  ndings by Fenske et al. (2005) and 
Veling et al. (2008), who also observed behavioural devaluation 
effects as a consequence of response inhibition.
Having demonstrated a reliable difference in   trustworthiness 
ratings as a function of whether a face had previously been 
encountered as a Go or Nogo stimulus, the main objective of 
the present study was to obtain independent ERP evidence for 
a direct link between response inhibition and subsequent emo-
tional devaluation. As expected, a frontally maximal negative 
component was triggered by Nogo faces relative to Go faces in 
the N2 time range (see Figures 3 and 4), in line with numerous 
previous studies that have found this Nogo N2 in the context of 
Go–Nogo tasks (e.g. Eimer, 1993; Jodo and Kayama, 1992; Kok, 
1986; Nieuwenhuis et al., 2003, 2004; Pfefferbaum et al., 1985). As 
the currently available evidence supports the view that the Nogo 
N2 is associated with top-down response inhibition [see Section
‘Introduction’, but see also Nieuwenhuis et  al. (2003) and 
Yeung et al. (2004), for an alternative view], the hypothesis that 
response inhibition is directly linked to the subsequent devalu-
ation of Nogo stimuli would predict an association between the 
strength of response inhibition, as reﬂ  ected by the amplitude 
of the Nogo N2, and the strength of the devaluation effect, as 
manifested by subsequent trustworthiness ratings. To test this 
prediction, we computed separate ERPs for Go and Nogo faces 
Figure 3 | Grand-averaged ERPs elicited at frontopolar, frontal, central, and parietal electrode sites in Go trials (black line) and Nogo trials (red line) 
displayed separately for faces that subsequently received a low trustworthiness rating (left panels) and a high trustworthiness rating (right panels). 
For display purposes only, waveforms were low-pass ﬁ  ltered at 40 Hz to remove any residual high-frequency noise.
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as a function of whether these faces were later judged as high 
or low in terms of their trustworthiness. If stronger response 
activation leads to more pronounced affective devaluation, the 
Nogo N2 should be larger for faces that are later rated as less 
trustworthy than for faces that are subsequently judged more 
positively. This was exactly the pattern of results obtained in this 
experiment: Although the Nogo N2 was clearly present both for 
low-rated and high-rated faces, it was signiﬁ  cantly larger for 
faces that were later judged as less trustworthy. Importantly, the 
anterior topography of this differential effect was similar to the 
scalp distribution of the Nogo N2 proper (see Figure 4, right 
panel). This further supports the hypothesis that differences 
in Nogo N2 amplitudes that are associated with subsequent 
 affective  judgements  reﬂ  ect a difference in the strength of cortical 
response inhibition processes that are mediated by medial pre-
frontal areas involved in top-down motor control.
Distractor devaluation effects previously found as a result of 
the selection of targets among distractors in visual search tasks 
(Fenske et al., 2004; Raymond et al., 2003, 2005) have been inter-
preted as evidence that the attentional inhibition of irrelevant 
distractors is encoded along with the representation of other stim-
ulus features, and that this inhibitory tag will affect subsequent 
affective judgements. The present results, together with earlier 
ﬁ  ndings by Fenske et al. (2005) and Veling et al. (2008), demon-
strate that such devaluation processes do not only operate in the 
context of attentional selection tasks, but are also activated as a 
Figure 4 | Left panels show difference waveforms obtained by subtracting Go trials from Nogo trials, separately for faces that subsequently received 
a high (black line) or low (dark cyan line) trustworthiness rating. Right panels show topographical maps of Nogo–Go difference waveforms obtained in the 
Nogo N2 time window (250–350 ms post-stimulus) for faces that were later judged as low or high in their trustworthiness. Bottom right panel: Scalp topography 
of the difference of the Nogo N2 in the same time window as a function of subsequent trustworthiness ratings, computed by subtracting Nogo–Go difference 
waveforms for high-rated faces from Nogo–Go difference waveforms for low-rated faces.
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consequence of cortical response inhibition. A  parsimonious way 
to interpret these new ﬁ  ndings from Go–Nogo experiments is to 
assume that inhibitory tags of the kind postulated by Raymond 
and colleagues are generated and encoded in a wide variety of 
task contexts that involve top-down inhibition of visual objects, 
and will therefore produce similar effects on affective evaluation 
regardless of whether inhibition is located at perceptual, higher 
cognitive, or response-related stages of processing.
Perhaps cortical inhibition of any type that has been directed 
at the representation of a visual object is used to reduce the 
predicted value code associated with that object. An emerging 
picture of value coding mechanisms in the brain indicates that 
a complex circuit involving prefrontal cortical areas, especially 
the orbitofrontal cortex; the ventral striatum, including the 
nucleus accumbens (O’Doherty et al., 2002); and the amygdala 
(Gottfried et al., 2003) is used to ﬂ  exibly provide the brain with 
a mechanism to predict the value of responding (in a particu-
lar way) to speciﬁ  c stimuli, or classes of stimuli. Value predic-
tion mechanisms, especially the amygdala (Paton et al., 2006), 
appear to be highly updatable, using cumulative prediction 
errors to enable value learning. If learned value prediction codes 
are available to the affective mechanisms that control explicit 
rating behaviour and these codes can be modulated by cortical 
inhibition, then the value prediction system could be the neural 
mechanism linking inhibition and affective evaluation.
It should be noted that in their previous investigation of 
the effects of response inhibition on the evaluation of non-face 
images, Veling et al. (2008) found devaluation effects only for 
affectively positive Nogo stimuli, but not for affectively neutral 
or negative images. Based on these results, these authors pro-
posed a more domain-speciﬁ  c motor account of affective deval-
uation. They suggested that the function of affective devaluation 
is to counteract behavioural approach tendencies towards posi-
tively valenced stimuli under conditions where such tendencies 
could result in response errors, thereby minimizing response 
conﬂ  ict. Future studies will need to contrast and compare dis-
tractor devaluation effects in different task contexts in order to 
address the question whether such effects are a general, domain-
unspeciﬁ   c result of top-down inhibition, or whether there 
are important functional differences between such effects in 
  perceptual-attentional,   cognitive, and motor tasks.
In summary, the central new ﬁ  nding of the present experi-
ment is the discovery of a systematic covariation between inde-
pendent electrophysiological markers of response inhibition in 
a Go–Nogo task, and behavioural measures of affective evalu-
ation. The efﬁ  ciency of response inhibition triggered by visual 
stimuli, as reﬂ  ected by the amplitude of the anterior Nogo N2 
component, was found to be closely associated with subsequent 
affective responses to these stimuli. This demonstrates that top-
down inhibition in motor control has immediate consequences 
for the affective evaluation of visual stimuli, and suggests close 
links between response inhibition and emotion.
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